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Measurement of the muon charge asymmetry in inclusive pp→W (µν)
+ X at
√
s = 8 TeV is presented. The data sample corresponds to an
integrated luminosity of 18.8 fb−1 recorded with the CMS detector at
the LHC. With a sample of more than a hundred million W→µν events,
the statistical precision is greatly improved in comparison to previous
measurements. This new result can provide additional constraints on the
parton distribution functions of the proton. This measurement is used
together with the cross sections for inclusive deep inelastic ep scattering
at HERA in a next-to-leading-order QCD analysis. The impact to the
valence quark distributions is demonstrated.
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1 Introduction
In pp collisions, the primary mechanism of the W production is mainly from ud→W+
and du→W−. Since the number of u valance quarks are greater than the number of
d valance quarks in the proton, W+ bosons occur more frequently than W− in pp
collisions. This difference between W+ and W− bosons motivates a study called W
boson charge asymmetry. The measurement of the asymmetry in the production of
W+ and W− bosons as a function of boson rapidity is sensitive to d/u ratio and the
sea quark densities in the proton. However, it is difficult to measure the W boson
production asymmetry as a function of the boson rapidity because of the presence of
neutrinos in the leptonic W decay. Therefore, the muon charge asymmetry in terms
of muon pseudorapidity (η) is measured, which is defined by Eq. (1).
A(η) =
NW
+(µν) −NW−(µν)
NW+(µν) +NW−(µν)
(1)
The measurement of this asymmetry in the colliding protons can allow us to test
higher order calculations and provide new insights into proton structure [1]. There-
fore, any precise measurement of the charge asymmetry can contribute to improve-
ments of theoretical predictions that rely on precise knowledge of the PDFs.
2 Event Selection and Background Discussion
The Compact Muon Solenoid (CMS) experiment is one of the general-purpose ex-
periments at the Large Hadron Collider (LHC) [2]. Recently, CMS has performed a
measurement of the muon charge asymmetry as a function of muon pseudorapidity
in inclusive W→µν production at √s=8 TeV [3]. The W→µν events were collected
by a single isolated muon trigger which requires muon pT>24 GeV and |η|<2.4. In
order to suppress background contamination, identification and isolation criteria are
applied on the reconstructed muons. Then, the muons in each event are sorted by
pT and the leading one is taken as W (µν) candidate. The leading muon is further
required to have pT>25 GeV. In order to reduce the Drell-Yan background, events
with an additional muon with pT>15 GeV are rejected. The detailed information can
be found in reference [3].
A total of 61 million W+→µ+ν and 45 million W−→µ−ν candidate events are
selected. After the selection of events, the asymmetry is measured in 11 bins of
absolute muon pseudorapidity. The bins are:
[0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.85, 2.1, 2.4]
There are some dominant processes contributing to the total backgrounds:
• Multijet (QCD) events with high pT muons
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• Drell-Yan events decaying into µ+ and µ−
• Electro-weak, including Drell-Yan decaying into τ+τ− and W (τν), and tt events
3 Results
Numbers of W+→µ+ν and W−→µ−ν are extracted by simultaneous fits of missing
transverse energy (MET) distributions. In each absolute pseudorapidity bin, MET
templates derived from Monte Carlo (MC) simulation samples are fitted to the MET
distribution in data for signal and background extraction. The MET templates are
further calibrated using Z(µ+µ−) events [4]. Figure 1 shows the examples of MET
fits for the first absolute eta bin. The ratios between MC and data histograms are
shown on the lower panels, and it is seen that there is a good agreement of fits with
data.
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Figure 1: The fit plots of W+(µν) and W−(µν) are shown on left and right, respec-
tively.
The extracted number of W (µν) signal events in each |η| bin are used to calculate
the muon charge asymmetry, as defined by Eq. (1). In addition, the bias to the
asymmetry due to difference between µ+ and µ− selection efficiencies is corrected
for, using efficiency values determined in Drell-Yan events [5]. Figure 2 presents the
comparison of the measured asymmetry with theoretical NLO QCD calculations based
on 4 different PDF models. The theoretical predictions are obtained using the FEWZ
3.1 [6] interfaced with CT10 [1], NNPDF3.0 [7], HERAPDF1.5 [8] and MMHT2014 [9]
PDF sets. The colored bands represent the PDF uncertainties. The data is shown in
black and the error bars on the experimental results include systematic and statistical
uncertainties. The measurements are compatible with theoretical predictions within
2
their uncertainties. The experimental uncertainties are significantly smaller than PDF
uncertainties.
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Figure 2: Comparison of the measured charge asymmetries with NLO predictions
calculated using the FEWZ 3.1.
4 QCD Analysis
To understand the impact of the charge asymmetry measurement on PDFs, the charge
asymmetry results are used in a QCD analysis at NLO together with the combined
HERA data [10]. The details of the QCD analysis can be found in reference [3].
Figure 3 shows the impact of the charge asymmetry on u and d valance quark PDF
shapes. The results of the fit to the HERA data and muon asymmetry measurements
(light shaded band), and to HERA only (dark hatched band) are compared. It is
clearly seen that the charge asymmetry measurement reduces the uncertainties on u
and d valance quark PDF shapes.
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Figure 3: Distributions of u valence (left) and d valence (right) quarks as functions
of x at the scale Q2=m2W .
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